Introduction {#s1}
============

Lung cancer is the leading cause of cancer mortality worldwide, and the incidence is rapidly increasing in developing countries ([@R1],[@R2]). Median survival time (MST) strongly depends on the histological subtype of the cancer, localization of the metastasis, the quality of therapy, and other factors, such as gender ([@R3],[@R4]) and age of the patient ([@R5]). The MST of small cell lung cancer (SCLC) is 8---10 mo ([@R6]). In advanced nonsmall cell lung cancers (NSCLC), such as adenocarcinoma and squamous cell carcinoma groups, the MST rarely exceeds 15 mo; however, adjuvant therapy can extend the survival of these patients ([@R7]). It has been observed that survival strongly depends on the available adjuvant therapy ([@R8]). Therefore, introduction of new adjuvant protocols associated with low toxicity is needed.

The first publications on deuterium-depleted water (DDW) as an adjuvant therapy appeared recently ([@R9]). Deuterium depletion can be obtained in living organisms through the intake of DDW, which has an inhibitory effect on the division of cancer cells and attenuates the expression of certain cancer-related genes ([@R10]). In living organisms, the deuterium concentration exceeds 10 mM, which is above the range of calcium, magnesium, or potassium ([@R10]), and concentrations of deuterium in body water correlate well with the deuterium level of the environment ([@R11]). In bottled water, concentrations of deuterium typically vary between 135 and 158 ppm ([@R12]).

Clinical data show extended survival of prostate, breast ([@R13]), and lung cancer patients ([@R9]) who took DDW that contained between 25 and 125 ppm of deuterium. In the studies of prostate cancer, the volume of the prostate was found to drop significantly in the DDW-consuming vs. control group, and urination problems ceased in some patients in the DDW group. In the studies of DDW in lung cancer, where four of the patients had brain metastasis, two of these patients showed a complete response (CR) and one a partial response (PR) ([@R9]); moreover, CR or PR was detected in all the primary tumors.

In the present study, we monitored the impact of DDW on the survival of 129 lung cancer patients. In addition, we examined the expression of Bcl2, Kras, and Myc genes in the lung tissue of carcinogen-treated mice.

MATERIALS AND CHARACTERIZATION OF SAMPLE {#s2}
========================================

Patients and Specimens {#s3}
----------------------

One hundred twenty-nine lung cancer patients (51 women and 78 men) who received conventional chemo- and radiotherapy were included in this study. The follow-up period was from March 22, 1993 to December 2, 2010. Histopathology indicated that 90 of the patients (70%) had NSCLC, 24 (19%) had SCLC, and 15 (12%) had a mixed or uncharacterized lung cancer ([Table 1](#T1){ref-type="table"}). In total, 27 of all patients (21%) had brain metastasis ([Table 1](#T1){ref-type="table"}). Tumor staging was performed according to Duke\'s classification: 57 of the patients (44%) were in stage B, 45 (35%) in stage C without brain metastasis, and 27 (21%) in stage C with brain metastasis. Patients voluntarily consumed DDW that contained from 25 to 105 ppm deuterium as drinking water. They received available information on DDW and deuterium depletion. The commercially available DDW is under the regulations of foodstuffs at the present in Hungary.

###### 

Distribution of lung tumour subtypes (number of cases) according to gender and disease stage[^a^](#T1FN1){ref-type="table-fn"} among patients in the study

                                  Stadium             
  -------- ---------------------- --------- ---- ---- -----
  Male     NSCLC                  20        21   9    50
           NSCLC adenocarcinoma   5         10   5    20
           NSCLC squamous cell    13        9    2    24
           NSCLC mixed or other   2         2    2    6
           SCLC                   10        4    4    18
           Mixed, or no data      7         1    2    10
           All subtypes           37        26   15   78
  Female   NSCLC                  14        16   10   40
           NSCLC adenocarcinoma   12        11   7    30
           NSCLC squamous cell    2         4    1    7
           NSCLC mixed or other   0         1    2    3
           SCLC                   2         2    2    6
           Mixed, or no data      4         1    0    5
           All subtypes           20        19   12   51
  All      All subtypes           57        45   27   129

NSCLC, nonsmall cell lung carcinoma; SCLC, small cell lung carcinoma.

Disease stage according to Duke\'s classification system.

Animal Experiment {#s4}
-----------------

The antiproliferative and gene silencing properties of DDW were studied in mice. Eight-week-old (20 ± 4 g weight) male and female CBA/Ca mice (*n* = 6 in each group, University of Pécs, Pécs, Hungary) were kept under standard conditions and fed a conventional dry rodent diet. Water was provided ad libitum, with control animals receiving normal drinking water (tap water) that contained 150 ppm deuterium (natural levels), and that of the treated animals contained 25 ppm deuterium. Some of the animals were treated with the carcinogen 7,12-dimethylbenz\[a\]anthracene (DMBA), which is known to activate cancer-related genes in CBA/Ca mice ([@R14]). The DMBA (Sigma Aldrich, Budapest, Hungary) was dissolved in corn oil and delivered by a single intraperitoneal injection at a dosage of 20 mg/kg body weight as it was described earlier ([@R15]). For 7 days prior to DMBA administration and 24 h thereafter, the test animals drank DDW, at this time point all animals were sacrificed and the lungs were removed. Samples of 100 mg tissue from each lung were collected and frozen immediately and stored on 80°C for less than 1 mo prior to homogenization.

This study was carried out in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals. The protocol was approved by the Committee on Research of the University of Pécs (permit number: BA02/2000-24/2006).

Gene Expression Analysis {#s5}
------------------------

After homogenization the lungs of mice on ice with Ultra Turrax disperser (IKA, Staufen, Germany), total cellular RNA was isolated using TRIZOL reagent (Invitrogen, Paisley, UK). The A~260~/A~280~ absorbance ratio of the extracted RNA was greater than 1.8. After dilution, 10 *μ*g RNA was dot-blotted onto Hybond N+ nitrocellulose membrane (Amersham, Little Chalfont, UK), then hybridized with specific labelled probes for Bcl2 (ATCC 79804, LGC Standards, Wesel, Germany), Kras (ATCC 41027), or Myc (ATCC 41010) and analyzed by chemilumi-nescence (ECL kit, Amersham, Little Chalfont, UK). Isolation of RNA, hybridization, and detection were performed according to the instructions of the manufacturers. The membranes were rehybridized with a probe for the constitutively expressed *β*-actin gene (ATCC 77644) as a control for sample normalization. The chemiluminescent signals were detected on X-ray films and scanned, and then the digital data were evaluated using the Quantiscan software (Biosoft, Cambridge, UK). The relative levels of Bcl, Kras, and Myc expression were calculated as percent of the corresponding *β*-actin values.

Statistical Analysis {#s6}
--------------------

The Epi Info software version 3.5.1 (Centers for Disease Control and Prevention, Atlanta, GA) and MedCalc for Windows, version 11.1.1.0 (MedCalc Software, Mariakerke, Belgium) were used for calculating Kaplan-Meier cumulative survival curves, and the log rank and Wilcoxon probes were used to calculate p values. Confidence intervals (CI) were expressed as ±1.96 of the standard error of the mean. Survival of patients was calculated from the date of diagnosis. For evaluating the significance of differences in gene expression data, Student\'s *t* test was used.

RESULTS {#s7}
=======

Clinical Study {#s8}
--------------

The average age of the 51 women in the study was 58.1 ± 10.4 yr (range of 36--76 yr, and median of 58.5 yr) and of the 78 men was 58.7 ± 8.6 yr (range of 39--83 yr, and median of 58 yr). Younger patients had significantly (p \< 0.01) shorter survival times than older patients ([Fig. 1](#F1){ref-type="fig"}). Patients tended to have a longer MST in stage B, than in stage C with or without brain metastasis, but these differences were not statistically significant. The proportions of adenocarcinoma in stage B, squamous cell carcinomas, and of SCLC in stage C, were higher in females than in males ([Table 1](#T1){ref-type="table"}). The MST was 25.9 mo (CI 24.2--27.5) in males and 74.1 mo (CI 67.4--80.8) in females, and the difference between genders was statistically significant (p \< 0.05; [Table 2](#T1){ref-type="table"}). The MST of subjects with brain metastasis was 27.1 mo (CI 24.3--29.8). The cumulative 5-yr survival probabilities were 19%, 52%, and 33% in males, females, and all patients with brain metastasis, respectively ([Table 3](#T3){ref-type="table"}).

There was no significant difference in median survival between males and females with brain metastasis. The MST in this group was 26.4 mo for males (*n* = 15) and 31.0 mo for females (*n* = 12). Out of the total 27 patients, 19 had NSCLC (32.9 mo MST), and 6 had SCLC (14.9 mo MST). In the NSCLC group, the MST was 37.9 mo in males (*n* = 9) and 30.9 in females (*n* = 10). In the group aged ≥55 yr (*n* = 13), the MST was 32.9 yr, and it was 30.9 yr in patients \< 55 yr of age (*n* = 14). The shortest MST (13.1 mo) was observed in the SCLC group of males, and the longest (87.5 mo) was seen in the NSCLC type adenocarcinoma group of females. The only group in which the MST was not greater in females than in males was that of patients with NSCLC type squamous cell carcinoma ([Table 2](#T2){ref-type="table"}).

Gene Expression {#s9}
---------------

Analysis of the expression of the Bcl2, Kras, and Myc genes in lungs of mice 24 h after DMBA was administered indicates significantly increased levels of expression in tissue from female mice that had been given drinking water containing normal levels of deuterium (150 ppm). The levels were not elevated in females given a lower amount of deuterium (25 ppm) or in any of the male mice. In conclusion, DMBA administration failed to upregulate Bcl2, Kras, and Myc expression in the group of animals consuming DDW ([Fig. 2](#F2){ref-type="fig"}). Upregulation of the proto-oncogene expression by DMBA is gender-specific (only seen in females), and it is attenuated by DDW (p \< 0.05).

DISCUSSION {#s10}
==========

We investigated the survival of 129 patients with different lung cancer histological subtypes. The distribution of lung cancer subtypes in our study represents the population of lung cancer patients seen in Western countries ([@R16]). We observed longer survival of females and older patients; furthermore, patients with adenocarcinoma and squamous cell carcinoma could expect longer survival than those with SCLC. These findings are consistent with what is generally observed in lung cancer ([@R17], [@R18]), and this would suggest that DDW treatment in our study did not have a pronounced effect on certain expected survival patterns.

![Cumulative survival probabilities among the different patient groups in the study. There are significant survival difference observed between genders (A; lines: male ---, female ---; Wilcoxon and log rank tests, p \< 0.05), and between different age groups (panel C; lines: 36--51 years ---, 52--58 years ---, 59--65 years 66--83 years -••-; according to log rank test only p \< 0.05). No significant differences in survival were observed on the basis of stage of the disease, as assessed by Duke\'s classification system (D; lines: stadium B ---, stadium C without brain metastasis ---, stadium C with brain metastasis ...; Wilcoxon and log rank tests p \> 0.05), or presence of brain metastasis (B; lines: with brain metastasis ---, without brain metastasis ---; Wilcoxon and log rank tests p \> 0.05).](hnuc65_240_f1){#F1}

###### 

Median survival time of patients classified according to subtypes of lung cancer and gender

                                Gender[^a^](#T2FN1){ref-type="table-fn"}                       
  ----------------------------- ------------------------------------------ ------------------- -------------------
  NSCLC                         33.7 (30.8--36.6)                          74.1 (66.6--81.6)   37.7 (35.7--39.6)
  NSCLC adenocarcinoma          33.7 (28.6--38.7)                          87.5 (75.3--99.6)   37.7 (33.9--41.4)
  NSCLC squamous cell           39.7 (35.0--44.3)                          27.5 (22.8--32.3)   39.7 (35.6--43.7)
  NSCLC with brain metastasis   Not calculable^d^                          31.0 (25.6--36.5)   31.1 (27.5--34.7)
  SCLC                          13.2 (11.8--14.6)                          47.2 (35.6--58.7)   16.7 (15.1--18.3)
  All subtypes                  25.8 (24.2--27.5)                          74.1 (67.4--80.8)   33.7 (31.9--35.5)

NSCLC = nonsmall cell lung cancer; SCLC, small cell lung cancer.

The median survival times are expressed in months, and the 95% confidence interval is displayed in the brackets.

This value could not be calculated because the last survival probability was \> 0.5.

###### 

Cumulative survival (%) of patients in the study according to each of the main subtypes of lung cancer

  Patient                        1 yr   2 yr   3 yr   5 yr
  ------------------------------ ------ ------ ------ -------------------------------------------
  Males                                               
   NSCLC                         87     57     48     14
   NSCLC adenocarcinoma          95     71     47     16
   NSCLC squamous cell           83     56     56     19
   NSCLC with brain metastasis   89     78     52     No data[^a^](#T3FN1){ref-type="table-fn"}
   SCLC                          57     25     17     17
   All subtypes                  77     51     38     19
  Females                                             
   NSCLC                         92     72     58     53
   NSCLC adenocarcinoma          97     81     66     59
   NSCLC squamous cell           75     62     47     47
   NSCLC with brain metastasis   89     63     32     32
   SCLC                          100    75     75     50
   All subtypes                  94     75     60     52
  Males and females                                   
   NSCLC                         89     63     53     35
   NSCLC adenocarcinoma          96     77     59     44
   NSCLC squamous cell           83     60     55     31
   NSCLC with brain metastasis   89     69     41     41
   SCLC                          69     40     33     25
   All subtypes                  84     60     47     33

NSCLC = nonsmall cell lung carcinoma; SCLC = small cell lung carcinoma.

There were no patients under observation in this group at 5 yr.

The MST of SCLC is 12--20 mo in the early stage disease, with a 5-yr survival of 6%-12%. This drops to a 7--12 month MST, with only a 2% 5-yr survival, in advanced disease ([@R19], [@R20]). In our study, the MST of SCLC patients was 16.7 mo, with a 5-yr survival of 25%. The MST of 47.2 mo in females was especially long, with a 50% 5-yr survival.

NSCLC represents the majority of human lung cancers ([@R8]). We analyzed our data from patients with adenocarcinoma and squamous cell carcinoma, the 2 main histological subtypes of NSCLC. In NSCLC patients of this study, the MST of 33.7 mo for males and 74.1 mo for females were both greater than the generally observed 15---20 mo values ([@R7]).

Brain is a common location of lung cancer metastasis. In NSCLC with cerebral metastasis, the MST ranges from 19 to 27 mo for the curative intent groups (bifocal therapy and adjuvant treatment), and the cumulative survival at 1, 2, and 5 yr ranges from 56%---69%, 28%---54%, and 11%---24%, respectively. In comparison, the median and 1-yr survivals of the palliative groups range from 7.1 to 12.9 mo and 33%-39.7%, respectively ([@R21]). In our study, the MST in both genders was 31.1 mo; the 1-, 2-, and 5-yr survival was 89%, 69%, and 41%, respectively. The MST of more than 30 mo for patients with brain metastasis is above the range of bifocal therapy and adjuvant treatment, although the patients were not selected for bifocal therapy in our study. These data confirm the results of previous clinical observations, in which DDW was observed to prolong the survival of 4 lung cancer patients with brain metastasis ([@R9]).

In the entire population of lung cancer patients in Hungary between 2002 and 2005, the MST of males was 7.5 mo, with a 10% 5-yr survival probability, and in females the MST was 11.3 mo, with a 5-yr survival probability of 20.5% ([@R22]). In our study, which lasted from 1993 to 2010, the MST was 25.8 mo in males, 74.1 mo in females, and 33.7 mo in both sexes overall. The 5-yr survival probabilities were 19%, 52%, and 33% in males, females, and both sexes, respectively. Thus, we observe relatively expanded survival characteristics in patients in our study, who were also administered DDW.

![Expression of lung cancer-related proto-oncogenes in the lung tissue of experimental mice. The values given in ppm on the x-axes represent the concentration of deuterium in the deuterium-depleted drinking water (DDW) (25 ppm) and control drinking water (150 ppm). DMBA: 7,12-dimethylbenz(a)anthracene. Effects of levels of deuterium in drinking water on Kras gene expression in lungs of female and male mice are graphed in panels A and D; effects on Bcl2 expression in lungs of female and male mice are shown in panels B and E, whereas Myc expression in lungs of female and male mice are seen in panels C and F, respectively. There was significant (∗p \< 0.05) difference in gene expression observed in DMBA-treated female animals consuming DDW or tap water at all the examined genes. (150 ppm = normal drinking water without DMBA-treatment, 150 ppm + DMBA = normal drinking water with DMBA-treatment, 25 ppm = deuterium-depleted drinking water without DMBA-treatment, 25 ppm + DMBA = deuterium-depleted drinking water with DMBA-treatment).](hnuc65_240_f2){#F2}

The patients in the study voluntarily consumed DDW, and on this basis they can be subcategorized as cancer patients who willingly take supplements during therapy. Jatoi et al. reported a doubled survival of NSCLC patients who voluntarily take supplements (takers) vs. those who do not (nontakers) ([@R23]). In general, 80% of cancer patients take supplements ([@R24]); on this basis, the survival advantage of takers, compared to the total population of cancer patients, is only 11%. Therefore, the higher survival rates of patients in our study could not only be attributed to this additional advantage.

The cell cycle machinery is modified by DDW, but little is known about the mechanisms involved. Decreased deuterium concentrations in the environment of a cell slow its division cycle and may induce stress signals ([@R25]). This stress factor could play a role in the mechanism of action of deuterium depletion. In response to a stress stimulus, mRNA abundance of a large fraction of the transcribed genome can change ([@R26]) because of modified levels of synthesis and degradation of mRNA ([@R27]). Inhibitory effects of DDW have been observed on the expression of H-Ras, p53, and c-Myc in different organs of animals, including the lungs ([@R28]). Mutated Kras in tumors can worsen the prognosis because of its permanently high level of activation. The occurrence of Kras mutations predominates in adenocarcinomas, being rare in SCLC ([@R29]). We observed that DDW significantly diminishes DMBA-induced expression of Kras in the lungs of mice. Thus, the knock-down of Kras that we observed in mouse lung, which is most pronounced in female animals, may correlate with the longer survival of patients having lung adenocarcinoma, especially because of the elongation of survival we observed was most pronounced in NSCLC.

The frequency of high expression of Bcl2 is greater in SCLC (in 75%---95% of cases) than in NSCLC (in 25% of squamous cell carcinomas and 12% of adenocarcinomas) ([@R30]). According to the available data, the role of Bcl2 in lung cancer prognosis is not clear. On one hand, advanced NSCLC patients with high Bcl2 expression were reported to have a better prognosis ([@R31]); but on the other hand, repression of Bcl2 through lysyl oxidase (LOX) inhibits the transformed phenotype of NSCLC cells ([@R32]).

Increased expression of Myc suggests greater proliferation in damaged alveolar cells ([@R33]). Furthermore, suppression of Myc expression induces apoptosis in lung cells bearing active Kras ([@R34]). In our experiments, Myc expression was also elevated by DMBA and silenced in female mice that drank DDW. This result confirms the putative anticancer properties of DDW in females.

Inhibition of gene expression by DDW results in cell cycle arrest and a 5---10 h delay in the start of the cell cycle in cancer cells. The most striking inhibitory effect on cell division was reported to occur when the concentration of deuterium was decreased in several steps, compared to a single step, in PC-3 prostate, MCF-7 breast, and A4 melanoma cell lines ([@R35]). This type of treatment mimics the human and animal experiments, where the consumption of DDW is continuous, and the level of deuterium gradually decreases by depletion over the course of the treatment. Transplanted MDA, MCF-7 breast ([@R36]), PC-3 prostate ([@R37]), uterine, cervical, and Lewis lung ([@R38]) cell-derived tumors in animals grew slower, or disappeared, in host animals who were given DDW treatment. In the most recent publication of Cong et al., evidence is presented that DDW inhibits the growth of lung cancer cells in vitro and in vivo ([@R39]).

Because DDW extends the life of lung cancer patients, it is a promising nontoxic agent for therapy in lung cancer patients. The advantage in longer survival for females, and the gender-specific regulation of proto-oncogene expression by DDW, may require further investigation in the future.
